At least 50 species of birds are represented in 241 bird bones from five late Pleistocene and Holocene archaeological sites on New Ireland (Bismarck Archipelago, Papua New Guinea). The bones include only two of seabirds and none of migrant shorebirds or introduced species. Of the 50 species, at least 12 (petrel, hawk, megapode, quail, four rails, cockatoo, two owls, and crow) are not part of the current avifauna and have not been recorded previously from New Ireland. Larger samples of bones undoubtedly would indicate more extirpated species and refine the chronology of extinction. Humans have lived on New Ireland for ca. 35,000 years, whereas most of the identified bones are 15,000 to 6,000 years old. It is suspected that most or all of New Ireland's avian extinction was anthropogenic, but this suspicion remains undetermined. Our data show that significant prehistoric losses of birds, which are well documented on Pacific islands more remote than New Ireland, occurred also on large, high, mostly forested islands close to New Guinea.
Oceanic islands are renowned as locations of extinction. Remote islands in the tropical Pacific, for example, have lost most of their endemic species of birds since humans arrived in the past several millennia (1) (2) (3) . These losses are documented by studying bones from prehistoric cultural and noncultural sites. By contrast, the large island of New Guinea, standing at the western margin of Oceania, has an avifauna that shows very little evidence of anthropogenic extinction (4) (5) (6) . Here, we present evidence that major losses of birds occurred prehistorically on New Ireland, a very large island close to New Guinea, and with a modern avifauna that is rich relative to the avifaunas on remote Pacific islands. This fact indicates that even large, mostly forested islands close to New Guinea, and very likely even New Guinea itself, have not been spared in the global extinction crisis that has followed the spread of humans around the world.
New Ireland is the second largest island in Papua New Guinea's Bismarck Archipelago. It lies north and east of New Britain, which in turn lies just off New Guinea's Huon Peninsula (Fig. 1) . The modern resident landbird fauna of New Ireland consists of about 106 species, of which 69 are nonpasserines (including 18 pigeons, 11 parrots, and 7 kingfishers) and 37 are passerines (4, 5, 7, 8) . The avifauna of New Ireland is most similar to, and largely a subset of, that of New Britain, which is larger and less isolated from New Guinea and supports 125 species of landbirds (9) (10) (11) .
Many aspects of avian biology in the Bismarcks are understood poorly. For example, new subspecies continue to be described (12, 13) , and little is known about avian community ecology (e.g., relative abundance, habitat preference, foraging ecology, and species associations). In this paper, we report how the avifauna of New Ireland has changed in species composition since the first arrival of humans.
MATERIALS AND METHODS
The prehistoric bones (summarized in Table 1 ) belong to the Papua New Guinea National Museum and Art Gallery (Port Moresby, Papua New Guinea). We believe that most of the bird bones were accumulated by prehistoric peoples rather than non-human predators because of the clearly cultural context in which they were found and because the incidence of burning and breakage are typical of that in other cultural sites in Oceania. Identifications are based on comparisons (by D.W.S.) with modern skeletons from the Florida Museum of Natural History, New York State Museum (Albany, NY), the Smithsonian Institution (Washington, DC), and the University of Washington's Burke Museum (Seattle, WA). For some taxa in Table 1 , identification was limited by a lack of modern skeletons of appropriate species-a large problem with birds throughout Melanesia.
The Archaeological Sites. The five sites yielding bird bones ( Fig. 1) are caves or rock shelters developed in reef limestone. Our brief descriptions of the sites follow those given in refs. 14-23.
Panakiwuk is a rock shelter in a large eroded doline in northern New Ireland, Ϸ150 m above sea level and Ϸ4 km from either coast. No gardens are maintained near this forested site today, and, given the rugged terrain, it is likely that no gardens were maintained there in the past. Archaeological evidence suggests intermittent use of the shelter by humans moving between coasts and hunting in the forest. Cultural deposits reach an average depth of 1.45 m in the major excavation (3 m 2 ), and two other test pits (1 ϫ 1 m) bottomed out at 60-80 cm. Panakiwuk was first occupied at 15,000-14,000 B.P. [approximate age, based on calibrated radiocarbon ( 14 C) dates reported in detail in refs. 14-23], but occupation seems to have been sporadic. The major archaeological deposits date from 10,000 B.P. to 8,000 B.P. The site was abandoned for most of the Holocene epoch, with minor reoccupation after 1,600 B.P.
Balof 1 and 2 are shelters formed beneath the edges of a sinkhole some 2.7 km from the east coast. The deposits at Balof 1 are Ϸ1 m deep and substantially reworked by oven pits dug in recent centuries. Deposits at Balof 2 are Ϸ2 m deep and relatively undisturbed, as corroborated by a sequence of 14 C dates. Both sites are as old as 14,000 B.P. but were occupied only intermittently. Large numbers of bones of the culturally important hornbill (Aceros plicatus; confined to Pleistocene levels) suggest that activities at Balof were aimed at particular resources. The differences in avifaunas between Balof and other sites (Table 1 ) also may relate to Balof's location at the edge of rugged limestone country that probably has been mostly forested throughout occupation of the site.
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Buang Merabak is a limestone cave in central New Ireland, Ϸ200 m from the east coast and perhaps 50 m above sea level. An excavation (1 ϫ 1 m) reached bedrock at a Ϸ1.6-m depth. Sparsely scattered Holocene material seems to be disturbed, judging from the 14 C dates. The underlying Pleistocene deposits are largely intact. Although further excavation and dating are required, initial studies of the site indicate early, sparse occupation after 32,000 B.P., periodic abandonments, and increased occupation in the terminal Pleistocene epoch.
Matenkupkum is a large limestone cave in southern New Ireland, only Ϸ30 m inland and Ϸ15 m above sea level. Although sea level would have been Ϸ120 m lower at the last glacial maximum (18,000 B.P.), the cave's distance from the sea would not have been much greater because of very steep submarine contours along this coast. Immediately behind Matenkupkum are extensive grasslands, and further inland are limestone karst and volcanic mountains covered with rainforest. The grassland vegetation is probably a disclimax vegetation, as the soils here are well suited for tree crops and gardens, as well as rainforest. Thus, when first occupied, Matenkupkum may have been surrounded by rainforest. Cultural deposits indicate intermittent occupation from 35,000 to 20,000 B.P., when the site was abandoned until 16,000 B.P. The most intensive occupation was from 14,000 to 10,000 B.P.
Matenbek is another large limestone cave in the same uplifted coral terrace as Matenkupkum, and Ϸ70 m south of it. The original cave entrance has collapsed and may well overlie deeper and older deposits than those excavated, because the oldest levels in Matenkupkum were at the entrance. The Matenbek faunal sample came from two test pits (80 ϫ 80 cm) in an area that may have been 7-8 m in from the original drip line. There, 90 cm of archaeological deposits are sandwiched beneath 45 cm of in-washed soils and above 30 cm of sterile sands that cover the cave floor. The earlier of two phases of occupation at Matenbek range from 20,000 to 18,000 B.P., after which the site was abandoned and then reoccupied from 9,000 to 6,000 B.P. Dates on the in-washed soils suggest that the entrance collapsed at 2,000 B.P.
At all five sites, the stone artifact assemblage consists mainly of simple unretouched flakes, which, on average, are much smaller at Panakiwuk and Balof than at Matenkupkum and Matenbek, where flaked river cobbles predominate. Shell tools also occur throughout the sequence. Obsidian imported from New Britain first appears in the sites as early as 19,000 B.P. (Matenbek) and as late as 7,000 B.P. (Balof 2). Pottery shards occur in small numbers only in the uppermost deposits (Ͻ3,000 B.P.).
Although most sites had some noncultural deposits at their bases, these strata produced only bones of indigenous rodents. Bones in the earliest human layers are mostly of indigenous rats, bats, reptiles, and occasionally birds. Species of mammals brought to New Ireland by humans appear at the sites only after 19,000 B.P. These are phalangers (Phalanger orientalis, Spilocuscus maculatus), wallabies (Thylogale brunii), rats (Rattus praetor, Rattus exulans), pigs (Sus scrofa), and dogs (Canis familiaris), of which only P. orientalis has been recorded from the Pleistocene strata (17, 24) . Shell midden and fish bone occur throughout the sequence and in the three coastal sites as well.
Remarks on Extinct͞Extirpated or Noteworthy Species of Birds. Represented by a coracoid and carpometacarpus, a petrel (Pterodroma sp.) belongs to the subgenus Pseudobulweria, consisting of two poorly known species (Pterodroma rostrata and Pterodroma becki) with very localized modern ranges in Oceania. Based on their relatively large size, the two bones from Matenbek may represent the Tahiti petrel (P. rostrata), known today as a breeding species in East Polynesia, with offshore records in the Bismarcks.
Pending availability of skeletons of more Melanesian species of Accipiter, all that can be concluded about Accipiter sp. 2 (ulna, carpometacarpus, tibiotarsus) and Accipiter sp. 3 (coracoid, scapula, humerus, carpometacarpus) is that at least one of these species, both of which are larger than A. novaehollandiae and too disparate in size to represent the same species, no longer occurs on New Ireland. The only species of Accipiter on New Ireland today are the widespread A. novaehollandiae and the smaller Accipiter brachyurus. A recent sight record suggests that the much larger Accipiter meyerianus also may reside on New Ireland (B. M. Beehler, personal communication). (25) .
Two other rails, Porzana tabuensis (humerus, femur) and Porphyrio porphyrio (tarsometatarsus), are extant and widespread in the Papuan region but had not been recorded previously on New Ireland. The fact that these rails have not been recorded on New Ireland may be only a sampling artifact of modern surveys.
The two coracoids, scapula, femur, and tibiotarsus of cf. Cacatua sp. from Balof are much larger than in the parrots known on New Ireland, the largest of which is Eclectus roratus. These bones differ from those of E. roratus in many qualitative features. In size and proportion, they resemble the bones of several species of Cacatua, of which the nearest population to New Ireland is that of Cacatua [galerita] ophthalmica on New Britain (4, 31) . Much larger than the bones of Cacatua ducorpsi of the Solomon Islands, the Balof specimens probably represent an undescribed species or subspecies in the C. galerita species group, the description of which awaits the availability of more comparative skeletons.
No species of Tyto have been recorded from New Ireland, although five species of Tyto are known from Papua New Guinea (4, 6 Passeriformes sp. 3-6 represent four different sizes of songbirds that are smaller than Mino and Corvus but larger than, for example, Nectarinia, Dicaeum, and Zosterops. These 21 bones probably represent more than four species.
Taxonomic Biases in the Bone Record. Dominated by rails and pigeons (Table 2) , New Ireland's prehistoric landbird assemblage resembles those of Holocene (Ͻ10,000 B.P.) cultural sites as far away as the Marquesas Islands (3, 36, 37) . The prehistoric preference for hunting and eating rails and pigeons has been especially devastating to the former, with nearly all endemic, flightless species now extinct (3). Of seven other families with Ն4% of the total bird bones, only the megapodes, parrots, and passerines occur regularly and in good numbers in prehistoric sites north and east of the Bismarcks.
Chronology and Extent of Extinction. Prehistoric bone assemblages from Remote Oceania typically indicate the loss of 50-90% of the species of native landbirds (1-3). The lower proportion (24%) of extinct͞extirpated species from New Abbreviations are defined in Table 1 . All passerine families are combined. Ireland may be related to the presence of indigenous rodents (Melomys rufescens and Rattus mordax sanila). In Remote Oceania, birds evolved without native mammalian predators, leading to naïveté and vulnerability to predation when humans and associated nonnative mammals arrived (38) . Evolving alongside native rodents exposed New Ireland's birds to potential predation from terrestrial animals in prehuman times. Nevertheless, the arrival of humans to New Ireland led to the prehistoric introduction of macropods, pigs, dogs, two species of cuscuses, and two more species of rats (17), any of which could have had a negative impact on birds. Deposits dated to the Pleistocene epoch (Ͼ10,000 B.P.) account for 56% of the bird bones from New Ireland. Unlike sites in Remote Oceania with continuous and rich deposition of bird bones (39, 40) , the New Ireland record is too spotty to determine precisely when various species were lost. Only 2% of the bird bones identified from the five sites are more than 15,000 years old (Table 3) , at which time humans already had occupied New Ireland for 20,000 years. Which species may have been lost during those first 20 millennia remain unknown.
Extinct͞extirpated species make up 31% of Pleistocene bones and 21% of Holocene bones (Table 3) . Among the three sites with Ͼ50 bird bones, Panakiwuk has the fewest bones of extinct species, but these date primarily to 10,000-8,000 B.P., suggesting that much extinction already had taken place by that time. For the two flightless rails (Gallirallus new sp., Porphyrio new sp.), 32 of 34 bones are from Pleistocene strata, suggesting that the two isolated bones may be out of context. However, three other extinct͞extirpated species have records at Յ6,000 B.P. (Table 4 Species Richness. The bird bone samples are too small to estimate New Ireland's species richness at any one time with much certainty. We have made the very conservative assumption that all taxa marked with a double dagger ( ‡ ) in Table 1 represent extant, resident species on New Ireland. If this assumption holds true, then bones of 38 of New Ireland's 106 current resident species of landbirds were recovered from the archaeological sites, as well as the bones of 12 species no longer occurring on the island. An archaeological record fully representative of New Ireland's late Pleistocene͞early Holocene landbirds probably would include at least 30 species that no longer live on the island. Thus, in the absence of human impact, the landbirds of New Ireland probably would number about 140 species today. A similar number probably existed there in the late Pleistocene.
We believe that few if any of New Ireland's current landbirds colonized the island within the past several millennia. According to equilibrium theory, the avifauna of New Ireland should have undergone postglacial ''relaxation'' (41, 42) . Because most of the extinct͞extirpated taxa belong to families known to be especially vulnerable to human activities, we favor human impact over relaxation as the primary cause of faunal depletion on New Ireland.
CONCLUSIONS
Humans colonized the Bismarck Archipelago and Solomon Islands by 35,000-30,000 years ago (43) (44) (45) . Thus, unlike in Remote Oceania, where human arrival in the late Holocene was clearly devastating to indigenous birds (3), the Lapita peoples who moved across the Bismarcks and Solomons about 3,500 years ago found a flora and fauna that already had withstood tens of millennia of human activity (33, 46) . To provide perspective on how the rich avifaunas of this region have changed over the long course of human occupation, more islands in the Bismarcks and Solomons should be surveyed for bone deposits of prehistoric birds. The limited evidence from New Ireland hints that even New Guinea, occupied by humans at least as long as Island Melanesia (47) and prized since its ''discovery'' by Europeans for being so wild and forested, has suffered as yet undetected losses of birds since the arrival of humans. The analysis is based on data presented in Table 1 . NISP ϭ number of identified specimens. 
